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Specification 

Title of the Invention 

5 Separation Process 

Background of the Invention 

The invention relates to a novel process of separating chemical 
compounds having a small molar mass from compounds having only a slightly 

10 larger molar mass, typically a molar mass less than 1 .9 times that of the com- 
pounds with a small molar mass. The process of the invention is based on the 
use of nanofiltration. The invention can be applied to recovering xylose from 
biomass hydrolysates, such as from a spent liquor obtained from a pulping 
process, typically from a sulphite pulping process, for example. The invention 

15 can also be applied to the recovery of betaine from biomass extracts, such as 
from a sugar beet pulp extract 

Nanofiltration is a relatively new pressure-driven membrane filtra- 
tion process, falling between reverse osmosis and ultrafiltration. Nanofiltration 
typically retains large and organic molecules with a molar mass greater than 

20 300 g/mol. The most important nanofiltration membranes are composite 
membranes made by interfacial polymerisation. Polyether sulfone mem- 
branes, sulfonated polyether sulfone membranes, polyester membranes, 
polysulfone membranes, aromatic polyamide membranes, polyvinyl alcohol 
membranes and polypiperazine membranes are examples of widely used 

25 nanofiltration membranes. Inorganic and ceramic membranes can also be 
used for nanofiltration. 

It is known in the art to use nanofiltration for separating monosac- 
charides, such as glucose and mannose from disaccharides and higher sac- 
charides. The starting mixture including monosaccharides, disaccharides and 

30 higher saccharides may be a starch hydrolysate, for example. 

U.S. Patent 5,869,297 (Archer Daniels Midland Co.) discloses a 
nanofiltration process for making dextrose. This process comprises nanofilter- 
ing a dextrose composition including as impurities higher saccharides, such 
as disaccharides and trisaccharides. A dextrose composition having a solids 

35 content of at least 99% dextrose is obtained. Crosslinked aromatic polyamide 
membranes have been used as nanofiltration membranes. 
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WO 99/28490 (Novo Nordisk AS) discloses a method for enzymatic 
reaction of saccharides and for nanofiltration of the enzymatically treated 
saccharide solution including monosaccharides, disaccharides, trisaccharides 
and higher saccharides. Monosaccharides are obtained in the permeate, 

5 while an oligosaccharide syrup containing disaccharides and higher saccha- 
rides is obtained in the retentate. The retentate including the disaccharides 
and higher saccharides is recovered. A thin film composite polysulfone mem- 
brane having a cut-off size less than 100 g/mol has been used as the nanofil- 
tration membrane, for example. 

10 U.S. Patent 4,51 1 ,654 (UOP Inc.) relates to a process for the pro- 

duction of a high glucose or maltose syrup by treating a glucose/maltose- 
containing feedstock with an enzyme selected from amyloglucosidase and B- 
amylase to form a partially hydrolyzed reaction mixture, passing the resultant 
partially hydrolyzed reaction mixture through an ultrafiltration, membrane to 

15 form a retentate and a permeate, recycling the retentate to the enzyme treat- 
ment stage, and recovering the permeate including the high glucose or mal- 
tose syrup. 

U.S. patent 6,126,754 (Roquette Freres) relates to a process for 
the manufacture of a starch hydrolysate with a high dextrose content. In this 
20 process, a starch milk is subjected to enzymatic treatment to obtain a raw 
saccharified hydrolysate. The hydrolysate thus obtained is then subjected to 
nanofiltering to collect as the nanofiltration permeate the desired starch hydro- 
lysate with a high dextrose content. 

It is also known to use membrane techniques, such as ultrafiltration 
25 to purify spent sulphite pulping liquors for recovering xylose (e.g. Papermak- 
ing Science and Technology, Book 3: Forest Products Chemistry, p. 86, ed. 
Johan Gullichsen, Hannu Paulapuro and Per Stenius, Helsinki University of 
Technology, published in cooperation with the Finnish Paper Engineer's As- 
sociation and TAPPi, Gummerus, Jyvaskyla, Finland, 2000). Xylose is pro- 
30 duced in large amounts in pulp industry, for example in the sulphite cooking of 
hardwood raw material. In addition to xylose, the spent sulphite pulping liquors 
contain, as typical components, lignosulphonates, sulphite cooking chemicals, 
xylonic acid, oligomeric sugars, dimeric sugars and monosacharides (other 
than the desired xylose), and carboxylic acids, such as acetic acid, and uronic 
35 acids. High-molar-mass lignosulphonates can thus be separated by ultrafiltra- 
tion from the low-molar-mass components, such as xylose. 
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It is thus known to use ultrafiltration to separate compounds having 
a large molar mass, such as lignosulphonates present in a sulphite spent liq- 
uor, from compounds having a small molar mass, such as xylose, whereby 
compounds having a large molar mass (lignosulphonates) are separated into 

5 the retentate and compounds having a small molar mass (xylose) are en- 
riched into the permeate. Further enriching of xylose from e.g. salts is possi- 
ble for example with chromatographic methods using ion exclusion. 

Separation of xylose from other monosaccharides, such as glucose 
by membrane techniques has not been disclosed in the state of the art. 

10 Xylose has been typically recovered by crystallization e.g. from xy- 

lose-containing solutions of various origin and purity. Before crystallization, it 
is as a rule necessary to purify the xylose-containing solution obtained as a 
result of the hydrolysis of cellulosic material to a required degree of purity by 
various methods, such as filtration to remove mechanical impurities, ultrafiltra- 

15 tion, ion-exchange, decolouring, ion exclusion or chromatography or combina- 
tions thereof. 

Separation of xylose from such cooking liquors is described, for ex- 
ample, in U.S. Patent 4,631 ,129 (Suomen Sokeri Oy). In this process, sulphite 
spent liquor is subjected to two-step chromatographic separation to form sub- 

20 stantially purified fractions of sugars (e.g. xylose) and lignosulphonates. The 
first chromatographic fractionation is carried out using a resin in a divalent 
metal salt form, typically in a calcium salt form, and the second chroma- 
tographic fractionation is carried out using a resin in a monovalent salt form, 
such as a sodium salt form. 

25 U.S Patent 5,637,225 (Xyrofin Oy) discloses a method for the frac- 

tionation of sulphite cooking liquor by a sequential chromatographic simulated 
moving bed system comprising at least two chromatographic sectional pack- 
ing material beds, where at least one fraction enriched with monosaccharides 
and one fraction enriched with lignosulphonates is obtained. The material in 

30 the sectional packing material beds is typically a strongly acidic cation ex- 
change resin in Ca 2+ form. 

U.S. Patent 5,730,877 (Xyrofin Oy) discloses a method for fraction- 
ating a solution, such as a sulphite cooking liquor, by a chromatographic 
separation method using a system comprising at least two chromatographic 

35 sectional packing beds in different ionic forms. The material of the sectional 
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packing bed of the first loop of the process is essentially in a divalent cation 
form, such as in Ca 2+ form, and in the last loop essentially in a monovalent 
cation form, such as in Na + form. 

WO 96/27028 (Xyrofin Oy) discloses a method for the recovery of 
5 xylose by crystallization and/or precipitation from solutions having a compara- 
tively low xylose purity, typically 30 to 60 % by weight of xylose on dissolved 
dry solids. The xylose solution to be treated may be, for example, a concen- 
trate chromatographically obtained from a sulphite pulping liquor. 

Brief Summary of the Invention 

The purpose of the invention is to provide a method of separating 
chemical compounds having a small molar mass from compounds having a 
molar mass less than 1.9 times that of the compounds with a small molar 
mass. The process of the claimed invention is based on the use of nanofiltra- 
15 tion. 

In accordance with the present invention, complicated and cumber- 
some chromatographic or ion-exhange steps can be completely or partly re- 
placed by less complicated nanofiltration membrane techniques. The process 
of the invention provides a solution enriched in compounds with a small molar 

20 mass and essentially free from compounds with a molar mass less than 1 .9 
times that of the compounds, with a small molar mass. In one embodiment of 
the invention, the invention provides a xylose solution enriched in xylose and 
free from conventional impurities of biomass hydrolysates, such as those pre- 
sent in a spent sulphite pulping liquor. In another embodiment of the inven- 

25 tion, the invention provides a solution enriched in betaine and free from unde- 
sired monosaccharide components, such as glucose, erythritol and inositol. 

A more detailed explanation of the invention is provided in the fol- 
lowing description and appended claims. 

30 Detailed Description of the Invention 

A detailed description of preferred embodiments of the invention 
will now be explained. 

The invention relates to a process of separating compounds having 
35 a small molar mass from compounds having a molar mass less than 1 .9 times 
that of the compounds with a small molar mass. 
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The invention is characterized by 

providing a starting solution comprising compounds with a small 
molar mass and compounds with a molar mass less than 1 .9 times that of the 
compounds with a small molar mass, 
5 subjecting said solution to nanofiltration to obtain a fraction en- 

riched in compounds with a small molar mass and a fraction enriched in com- 
pounds with a molar mass less than 1.9 times that of the compounds with a 
small molar mass, 

recovering a fraction enriched in compounds with a small molar 

10 mass, and 

optionally recovering a fraction enriched in compounds with a molar 
mass less than 1 .9 times that of the compounds with a small molar mass. 

The compounds with a small molar mass typically have a molar 
masis of up to 250, preferably up to 200 g/mol. The compounds with a small 
15 molar mass are typically selected from sugars, sugar alcohols, inositols, be- 
taine, cyclodextrins, amino acids, uronic acids and carboxylic acids. Said sug- 
ars may be selected from ketose sugars and aldose sugars. The sugars may 
be in an anhydro form or in a deoxy form. Said sugar alcohols may be se- 
lected from hexitols, pentitols, tetritols etc. Said carboxylic acids may be se- 
20 lected from aldonic acids, for example gluconic acid. 

The compounds with a molar mass less than 1.9 times that of the 
compounds with a small molar mass are compounds which have a slightly 
larger molar mass than the compounds with a small molar mass. In connec- 
tion with the present invention, compounds with a molar mass less than 1.9 
25 times that of the compounds with a small molar mass refer to compounds 
having a molar mass higher than that of the compounds with a small molar 
mass, but less than 1.9 times that of the compounds with a small molar mass. 

The compounds with a molar mass less than 1.9 times that of the 
compounds with a small molar mass thus have a typical molar mass less than 
30 475, preferably less than 380 g/mol. In a preferred embodiment of the inven- 
tion, these compounds have a molar up to 1.5 times that of the compounds 
with a small molar mass, i.e. up to 375, and up to 300 g/mol, respectively. 

Examples of sugars with a small molar mass comprise xylose and 
arabinose, which have a molar mass of 150.13 g /mol and which are pentose 
35 sugars. Examples of carboxylic acids comprise citric acid (192.13 g/mol) and 
lactic acid (90.08 g/mol), gluconic acid (196.16 g/mol) and glucuronic acid 
(194.14 g/mol). 
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Examples of sugars with a molar mass less than 1 .9 times that of 
the compounds with a small molar mass are glucose (180.16 g/mol), galac- 
tose 180.16 g/mol), rhamnose (164.16 g/mol) and mannose (180.16 g/mol), 
which are hexose sugars. 

5 In one embodiment of the invention, the compound with a small 

molar mass is betaine (117.15 g/mol) and the compounds to be separated 
from betaine are glucose (180.16 g/mol) and inositol (180.16 g/mol). In an- 
other embodiment of the invention, the compound to be separated from be- 
taine is erythritol (122.12 g/mol). 

10 The invention may also be applied to the separation of maltose 

(342.30 g/mol) from maltotriose ( 504.45 g/mol). 

In a further embodiment of the invention, the invention may be ap- 
plied to the separation of carboxylic acids from monosaccharides, such as ke- 
tose sugars, for example fructose (180.16 g/mol) and tagatose (180.16 g/mol). 

15 in a typical embodiment of the invention, the fraction enriched in 

compounds having a small molar mass has a content of the same over 1.1 
times, preferably over 1.5 times, and most preferably over 2.5 times that of 
the starting solution, based on the dry substance content. The fraction en- 
riched in compounds having a small molar mass typically has a content of the 

20 same of or over 1 .5 to 2.5 times that of the starting solution, based on the dry 

substance content. 

In one embodiment of the invention, the fraction enriched in com- 
pounds with a small molar mass is recovered as the nanofiltration permeate 
and the fraction enriched in compounds with a molar mass less than 1.9 times 
25 that of the compounds with a small molar mass is recovered as the nanofiltra- 
tion retentate. 

In another embodiment of the invention, the fraction enriched in 
compounds with a small molar mass is recovered as the nanofiltration reten- 
tate and the compounds with a molar mass less than 1.9 times that of the 
30 compounds with a small molar mass are recovered as the nanofiltration per- 
meate. 

In one embodiment of the invention, the compounds with a small 
molar mass comprise pentose sugars and compounds with a molar mass of 
less than 1.9 times that of the compounds with a small molar mass comprise 
35 hexose sugars. Said pentose sugars typically comprise xylose and' arabinose 
and said hexose sugars comprise glucose, galactose, rhamnose and man- 
nose. The fraction enriched in pentose sugars is recovered as the nanofiltra- 
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tion permeate and the fraction enriched in hexose sugars is recovered as the 
nanofiltration retentate. 

In another embodiment of the invention, the compound with a small 
molar mass is xylitol (152.15 g/mol) and the compound with a molar mass 
5 less than 1.9 times that of the compounds with a small molar mass is sorbitol 
(182.17 g/mol). The fraction enriched in xylitol is recovered as the nanofiltra- 
tion permeate and the fraction enriched in sorbitol is recovered as the nanofil- 
tration retentate. 

In another embodiment of the invention, the compound with a small 

10 molar mass is selected from betaine and compound with a molar mass less 
than 1 .9 times that of the compounds with a small molar mass is selected 
from erythritol. In this embodiment of the invention, the fraction enriched in 
betaine is typically recovered as the nanofiltration permeate and the fraction 
enriched in erythritol is recovered as the nanofiltration retentate. In another 

15 embodiment of the invention, the fraction enriched in betaine is recovered as 
the nanofiltration retentate and the fraction enriched in erythritol is recovered 
as the nanofiltration permeate, depending on the nanofiltration membrane. 

In a further embodiment of the invention, the compound with a 
small molar mass is selected from betaine and compounds with a molar mass 

20 less than 1.9 times that of the compounds with a small molar mass are se- 
lected from glucose and inositol. In this embodiment of the invention, the frac- 
tion enriched in betaine is recovered as the nanofiltration retentate and the 
fraction enriched in glucose and inositol is recovered as the nanofiltration 
permeate. In another embodiment of the invention, the fraction enriched in be- 

25 taine is recovered as the nanofiltration permeate and the fraction enriched in 
glucose and inositol is recovered as the nanofiltration retentate, depending on 
the nanofiltration membrane. 

The separation of betaine into the nanofiltration retentate is typi- 
cally carried out with a hydrophilic membrane, whereas the separation of be- 

30 taine into the nanofiltration permeate is typically carried out with a hydropho- 
bic membrane. 

Betaine is typically separated from a biomass extract, such as a 
sugar beet pulp extract. The starting biomass extract may include large mole- 
cules, such as saccharose, as a typical component. In the embodiment of the 
35 invention where the desired betaine is recovered as the nanofiltration reten- 
tate, the fraction enriched in betaine is thus not free from large molecules, 
such as saccharose. To obtain a pure betaine fraction, saccharose can be 
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separated from betaine using a second nanofiltration step. The fraction en- 
riched in betaine is recovered as the nanofiltration permeate and the fraction 
enriched in saccharose is recovered as the nanofiltration retentate. 

The invention can also be applied to the separation of one or more 
amino acids from betaine. This process comprises providing a starting solu- 
tion comprising betaine and one or more amino acids, subjecting said solution 
to nanofiltration to obtain a fraction enriched in betaine and a fraction enriched 
in one or more amino acids, recovering the fraction enriched in betaine and 
recovering the fraction enriched in one or more amino acids. The invention 
can also be applied to the separation of one or more amino acids from a bio- 
mass hydrolysate or a biomass extract. In this process, said biomass hydro- 
lysate or biomass extract is subjected to nanofiltration and a fraction enriched 
in said one or more amino acids is recovered. Said one or more amino acids 
are typically selected from leucine, isoleucine, serine, proline and valine. 

The invention can also be applied to the separation of carboxylic 
acids from one or more monosaccharides. This process comprises providing 
a starting solution comprising carboxylic acids and one or more monosaccha- 
rides, subjecting said solution to nanofiltration to obtain a fraction enriched in 
carboxylic acids and a fraction enriched in one or more monosaccharides, re- 
covering the fraction enriched in one or more monosaccharides, and recover- 
ing the fraction enriched in carboxylic acids. Said one or more monosaccha- 
rides may be selected from ketose sugars, especially tagatose. 

The fraction enriched in compounds with a molar mass less than 
1.9 times that of the compounds with a small molar mass may be further en- 

25 riched in divalent ions. 

The fraction enriched in compounds with a molar mass less than 
1 9 times that of the compounds with a small molar mass may be further en- 
riched in compounds with a molar mass of 1.9 to 4 times that of the com- 
pounds with a small molar mass and in compounds with a molar mass over 4 
30 times that of the compounds with a small molar mass. 

Compounds to be separated are essentially non-charged mole- 
cules. 

In connection with the present invention, compounds with a large 
molar mass refer to compounds having a molar mass over 4 times that of the 
35 compounds with a small molar mass, such as lignosulphonates. Compounds 
with a relatively large molar mass refer to compounds having a molar mass of 
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1 .9 to 4 times that of the compounds with a small molar mass, such as oligo- 
saccharides. 

In the nanofiltration of the invention, ionic substances, such as 
divalent ions are typically left in the retentate. In the process of the invention, . 
5 ionic substances are thus simultaneously separated from the compounds with 
a small molar mass. 

The compounds to be separated in accordance with the process of 
the invention are typically present in a biomass hydrolysate, such as a spent 
liquor obtained from a pulping process. The compounds to be separated may 
10 also be present in a biomass extract, such as a sugar beet pulp extract. 

A typical dry substance content of the starting solution is 3 to 50 % 
by weight, preferably 8 to 25 % by weight. The content of the small com- 
pounds in the starting solution is typically 5 to 95 %, preferably 15 to 55 %, 
more preferably 15 to 40 % and especially 8 to 27 %, based on the dry sub- 
15 stance content 

The dry substance content of the starting solution used as the nan- 
ofiltration feed is preferably less than 30 %. 

The starting solution may have been subjected to one or more pre- 
treatment steps. The preteatment steps are typically selected from ion ex- 
20 change, ultrafiltration, chromatography, concentration, pH adjustment, filtra- 
tion, dilution, crystallization and combinations thereof. 

In a preferred embodiment of the invention, the invention relates to 
a process of producing a xylose solution from a biomass hydrolysate. The 
process of the invention is characterized by nanofiltering said biomass hydro- 
25 lysate and recovering as the permeate a solution enriched in xylose. 

The biomass hydrolysate useful in the present invention is obtained 
from the hydrolysis of any biomass, typically xylan-containing vegetable mate- 
rial. The biomass hydrolysate can be obtained from the direct acid hydrolysis 
of biomass, from enzymatic or acid hydrolysis of a prehydrolysate obtained 
30 from biomass by prehydrolysis (with steam or acetic acid, for instance), and 
from sulphite pulping processes. Xylan-containing vegetable material include 
wood material from various wood species, particularly hardwood, such as 
birch, aspen and beech, various parts of grain (such as straw and husks, par- 
ticularly com and barley husks and corn cobs and corn fibers), bagasse, 
35 cocoanut shells, cottonseed skins etc. 

In the process of the present invention, a xylose solution having a 
xylose content of over 1.1 times, preferably over 1.5 times, most preferably 
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over 2.5 times that of the starting biomass hydrolysate (based on the dry sub- 
stance content) is obtained, depending e.g. on the xylose content and pH of 
the biomass hydrolysate and the nanofiltration membrane used. Typically, a 
xylose solution having a xylose content of or over 1.5 to 2.5 times that of the 

5 starting biomass hydrolysate (based on the dry substance content) is ob- 
tained, depending e.g. on the xylose content and pH of the biomass hydrolys- 
ate and the nanofiltration membrane used. 

The biomass hydrolysate used for the recovery of xylose in accor- 
dance with the present invention is typically a spent liquor obtained from a 

10 pulping process. The spent liquor is especially a spent sulphite pulping liquor, 
especially an acid spent sulphite pulping liquor. The spent sulphite pulping 
liquor is typically obtained from hardwood sulphite pulping. 

The dry substance content of the starting biomass hydrolysate, 
such as spent liquor is typically 3 to 50 % by weight, preferably 8 to 25% by 

15 weight. 

The dry substance content of the nanofiltration feed is typically less 

than 30%. 

The starting biomass hydrolysate has a typical xylose content of 5 
to 95 %, preferably 15 to 55 %, more preferably 15 to 40 % and especially 8 

20 to 27 % by weight, based on the dry substance content. 

The xylose content of the spent liquor to be treated is typically 1 0 to 
40% by weight, based on the dry substance content. A spent liquor obtained 
directly from hardwood sulphite pulping has a typical xylose content of 10 to 
20 %, based on the dry substance content. 

25 The spent hardwood sulphite pulping liquor also contains other 

monosaccharides in a typical amount of 10 to 30%, based on the xylose con- 
tent. Said other monosaccharides include e.g. glucose, galactose, rhamnose, 
arabinose and mannose. Furthermore, the spent hardwood sulphite pulping 
liquor typically includes rests of pulping chemicals and reaction products of 

30 the pulping chemicals, lignosulphonates, oligosaccharides, disaccharides, xy- 
lonic acid, uronic acids, metal cations, such as calcium and magnesium 
cations, and sulphate and sulphite ions. The biomass hydrolysate used as 
starting material also contains rests of acids used for the hydrolysis of the 
biomass. 

35 . The spent liquor to be treated is typically a xylose-containing spent 

liquor obtained from a pulping process. A typical spent liquor useful in the 
present invention is a xylose-containing spent sulphite pulping liquor, which is 
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preferably obtained from acid sulphite pulping. The spent liquor may be ob- 
tained directly from sulphite pulping. It may also be a concentrated sulphite 
pulping liquor or a side-relief obtained from sulphite cooking. It may also be a 
xylosercontaining fraction chromatographically obtained from a sulphite pulp- 
5 ing liquor or a permeate obtained by ultrafiltration of a sulphite pulping liquor. 
Furthermore, a post-hydrolyzed spent liquor obtained from neutral cooking is 
suitable. 

The spent liquor useful in the present invention is preferably ob- 
tained from hardwood pulping. A spent liquor obtained from softwood pulping 
10 is also suitable, preferably after hexoses have been removed e.g. by fermen- 
tation. 

In the present invention, the spent liquor to be treated may also be 
any other liquor obtained from the digestion or hydrolysis of biomass, typically 
cellulosic material with an acid. Such a hydrolysate can be obtained from cel- 

15 lulosic material for example by treatment with an inorganic acid, such as hy- 
drochloric acid, sulphuric acid or sulphur dioxide, or by treatment with an or- 
ganic acid, such as formic acid or acetic acid. A spent liquor obtained from a 
solvent-based pulping, such as ethanol-based pulping may also be used. 

The process may also comprise one or more pretreatment steps. 

20 The pretreatment before the nanofiltration is typically selected from ion ex- 
change, ultrafiltration, chromatography, concentration, pH adjustment, filtra- 
tion, dilution and combinations thereof. Before the nanofiltration, the starting 
liquor is thus preferably pretreated by ultrafiltration or chromatography, for ex- 
ample. Furthermore, a prefiltering step to remove the solid substances can be 

25 used before the nanofiltration. The pretreatment of the starting liquor may also 
comprise concentration, e.g. by evaporation, and neutralization. The pre- 
treatment may also comprise crystallization, whereby the starting liquor may 
also be a mother liquor obtained from the crystallization of xylose, for exam- 
ple. 

30 In another preferred embodiment of the invention, the invention re- 

lates to the recovery of betaine from a biomass extract. A typical starting ma- 
terial for the recovery of betaine is a sugar beet pulp extract. 

The nanofiltration for recovering xylose is typically carried out at a 
pH of 1 to 7, preferably 3 to 6.5, most preferably 5 to 6.5. The pH depends on 

35 the composition of the starting biomass hydrolysate and the membrane used 
for the nanofiltration and the stability of sugars or components to be recov- 
ered. If necessary, the pH of the spent liquor is adjusted to the desired value 
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before nanofiltration. In the embodiment relating to the recovery of xylose 
from a spent liquor obtained from a pulping process, the same reagent as in 
the pulping stage is preferably used, such as Ca(OH) 2 or MgO, for example. 

The nanofiltration for recovering betaine is typically carried out at a 
5 pH of 1 to 12, preferably 4 to 1 1 . 

The nanofiltration is typically carried out at a pressure of 10 to 50 
bar, preferably 15 to 35 bar. A typical nanofiltration temperature is 5 to 95°C, 
preferably 30 to 80°C. The nanofiltration for recovering xylose is typically car- 
ried out at a temperature of 5 to 95°C, preferably 30 to 60°C. 
10 The nanofiltration is typically carried out with a flux of 10 to 

100 l/m 2 h. 

The nanofiltration membrane used in the present invention can be 
selected from polymeric and inorganic membranes having a cut-off size of 
100 - 2500 g/mol, preferably 150 to 1000 g/mol, most preferably 150 to 
15 500 g/mol. 

Typical polymeric nanofiltration membranes useful' in the present 
invention include, for example, polyether sulfone membranes, sulfonated 
polyether sulfone membranes, polyester membranes, polysulfone mem- 
branes, aromatic polyamide membranes, polyvinyl alcohol membranes and 
20 polypiperazine membranes and combinations thereof. The nanofiltration 
membranes used in the present invention may also be selected from cellulose 

acetate membranes. 

Typical inorganic membranes include Zr0 2 - and Al 2 0 3 -membranes, 

for example. 

25 Preferred nanofiltration membranes for the recovery of xylose are 

are selected from sulfonated polysulfone membranes and polypiperazine 
membranes. For example, specific useful membranes are: Desal-5 DK nano- 
filtration membrane (manufacturer Osmonics) and NF-200 nanofiltration 
membrane (manufacturer Dow Deutschland), for example. 

30 The nanofiltration membranes which are useful in the present in- 

vention may have a negative or positive charge. The membranes may be ionic 
membranes, i.e. they may contain cationic or anionic groups, but even neutral 
membranes are useful. The nanofiltration membranes may be selected from 
hydrophobic and hydrophilic membranes. 

35 The typical form of nanofiltration membranes is a flat sheet form. 

The membrane configuration may also be selected e.g. from tubes, spiral 
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membranes and hollow fibers. "High shear" membranes, such as vibrating 
membranes and rotating membranes can also be used. 

Before the nanofiltration procedure, the nanofiltration membranes 
may be pretreated with alkaline detergents or ethanol, for example. 
5 In a typical nanofiltration operation, the liquor to be treated, such as 

a spent liquor is fed through the nanofiltration membrane using the tempera- 
ture and pressure conditions described above. The liquor is thus fractionated 
into a low molar mass fraction including xylose (permeate) and a high molar 
mass fraction including the non-desired components of the spent liquor (reten- 
10 tate). 

The nanofiltration equipment useful in the present invention com- 
prises at least one nanofiltration membrane element dividing the feed into a 
retentate and permeate section. The nanofiltration equipment typically also in- 
clude means for controlling the pressure and flow, such as pumps and valves 
15 and flow and pressure meters. The equipment may also include several nano- 
filtration membrane elements in different combinations, arranged in parallel or 
series. 

The flux of the permeate varies in accordance with the pressure. In 
general, at a normal operation range, the higher the pressure, the higher the 

20 flux. The flux also varies with the temperature. An increase of the operating 
temperature increases the flux. However, with higher temperatures and with 
higher pressures there is an increased tendency for a membrane rupture. For 
inorganic membranes, higher temperatures and pressures and higher pH 
ranges can be used than for polymeric membranes. 

25 The nanofiltration in accordance with the present invention can be 

carried out batchwise or continuously. The nanofiltration procedure can be re- 
peated once or several times. Recycling of the permeate and/or the retentate 
back to the feed vessel (total recycling mode filtration) can also be used. 

Before the nanofiltration, the starting solution may be subjected to 

30 one or more pretreatment steps. The pretreatment steps are selected from ion 
exchange, ultrafiltration, chromatography, concentration, pH adjustment, filtra- 
tion, dilution, crystallization and combinations thereof. 

The process may also comprise one or more post-treatment steps. 
The post-treatment steps are typically selected from ion exchange, crystalliza- 

35 tion, chromatography, concentration and colour removal. 

After nanofiltration, the xylose may be recovered from the perme- 
ate, e.g. by crystallization. The nanofiltered solution can be used as such for 
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the crystallization, without further purification and separation steps. If dewed, 
the nanofiltered xylose-containing liquor can be subjected to further purrfica- 
tion e.g. by chromatography, ion exchange, concentration by evaporat.cn or 
reverse osmosis, or colour removal. The xylose may also be subjected to re- 
5 duction, e.g. by catalytic hydrogenation, to obtain xylitol. 

The process may also, comprise a further step of recovering a solu- 
tion rich in lignosulphonates, hexoses, oligosaccharides and salts as the re- 

tent ate. . ; . , 

In a typical embodiment the invention, a solution ennched in pento- 

10 ses is recovered as the permeate and a solution enriched in hexoses is re- 
covered as the retentate. Furthermore, a solution enriched in divalent salts is 

obtained as the retentate. 

The present invention also provides a method of regulating the xy- 
lose content of the permeate by regulating the dry substance content of the 

15 biomass hydrolysate, such as a spent liquor. ^ 

The invention also relates to the xylose solution obtained by the 
present invention. Furthermore, the invention relates to the use of the xylose 
solution thus obtained for the preparation of xylitol. Xylitol is obtained by re- 
ducing the xylose product obtained, e.g. by catalytic hydrogenation. 

20 * Preferred embodiments of the invention will be descnbed in greater 

detail by the following examples, which are not construed as limiting the scope 
of the invention. 

In the examples and throughout the specification and claims, the 

following definitions have been used: 
25 DS refers to the dry substance content measured by Karl Fischer ti- 

tration, expressed as % by weight. 

RDS refers to the refractometric dry substance content, expressed 

as % by weight. 

Flux refers to the amount (liters) of the solution that permeates 
30 through the nanofiltration membrane during one hour calculated per one 
square meter of the membrane surface, I/ (m 2 h). 

Fouling refers to the percentage difference in the flux values of 
pure water measured before and after the nanofiltration: 
fouling (%) = [(PWFb - PWFa) / PWFb] x 1 00, 
35 where PWFb is the flux of pure water before the nanofiltration of 

. the xylose solution and PWFa is.the flux of pure water after the nanofiltrat.on 
of xylose solution under the same pressure. 
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Retention refers to the proportion of the measured compound re- 
tained by the membrane. The higher the retention value, the less is the 
amount of the compound transferred through the membrane: 

Retention (%) = [(Feed - Permeate) / Feed ] x 1 00, 
5 where "Feed" refers to the concentration of the compound in the 

feed solution (expressed e.g. in g/l) and "Permeate" refers to the concentra- 
tion of the compound in the permeate solution (expressed e.g. in g/l). 

HPLC refers to liquid chromatography. 

The following membranes were used in the examples: 
10 - Desal-5 DK ( a four-layered membrane consisting of a polyester 

layer, a polysulfone layer and two proprietary layers, having a cut-off size of 
150 to 300 g/mol, permeability (25 °C) of 5.4 l/(m 2 h bar) and MgS0 4 -retention 
of 98 % (2 g/l), manufacturer Osmonics), 

- Desal-5 DL (a four-layered membrane consisting of a polyester 
15 layer, a polysulfone layer and two proprietary layers, having a cut-off size of 

150 to 300 g/mol, permeability (25°C) of 7.6 l/(m 2 h bar), MgSQ 4 -retention of 
96% (2 g/l), manufacturer Osmonics), 

- NTR-7450 (a sulfonated polyethersulfone membrane having a 
cut-off size of 500 to 1000 g/mol, permeability (25°C) of 9.4 l/(m 2 h bar), NaCI- 

20 retention of 51 % (5 g/l), manufacturer Nitto Denko), and 

- NF-200 (a polypiperazine membrane having a cut-off size of 200 
g/mol, permeability (25°C) of 7 - 8 l/(m 2 h bar), NaCI-retention of 70%, manu- 
facturer Dow Deutschland), 

- TS-80 (manufacturer Trisep), 

25 - ATF-60 (manufacturer PTI Advanced Filtration Inc.), 

- Desal AG (manufacturer Osmonics), 

- Desal G10 (a thin film membrane of aromatic polyam- 
ide/polysulfone material having a cut-off-size of 2500 g/mol, permeability 
(25°C) of 3.4 l/(m 2 h bar), NaGI-retention of 10%, retention of dextrane (1500 

30 g/ml) of 95%, retention of glucose of 50%, manufacturer Osmonics), 

- ASP 10 (a membrane consisting of sulfonated polysulfone on 
polysulfone, having a permeability (25°C) of 16 l/(m 2 h bar), NaCI-retention of 
10%, manufacturer Advanced Membrane Technology), 

- TS 40 (a membrane consisting of fully aromatic polyamide, having 
35 a permeability of (25°C) of 5.6 l/(m 2 h bar), manufacturer TriSep), 
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- ASP 20 (a membrane consisting of sulfonated polysulfone on 
polysulfone, having a permeability (25°C) of 12.5 l/(m 2 h bar), NaCI-retention of 
20%, manufacturer Advanced Membrane Technology), 

- UF-PES-4H (a membrane consisting of polyethersulfone on poly- 
propylene, having a cut-off size of about 4000 g/mol, a permeability (25°C) of 
7 to 17 l/(m 2 h bar), manufacturer Hoechst), 

- NF-PES-10 (a polyethersulfone membrane, havig a cut-off size of 
1000 g/mol, a permeability (25°C) of 5 to 11 l/(m 2 h bar), NaCI-retention less 
than 15% (5 g/l), manufacturer Hoechst), 

- NF45 (a membrane consisting of aromatic polyamide, having a 
permeability (25°C) of 4.8 l/(m 2 h bar), NaCI-retention of 45 %, manufacturer 

Dow Deutschland). 

EXAMPLE I. 

Separation of xylose from a spent suphite pulping liquor using vari- 

15 ous nanofiltration membranes at various pH values 

This example illustrates the effect of the membrane and pH on the 
performance of nanofiltration (filtrations C1, C3, C6 and C8) in the separation 
of xylose. The liquor to be treated was a diluted runoff of the crystallization of 
a Mg-based sulphite spent pulping liquor obtained from beechwood pulping, 

20 which had been chromatographically purified using an ion exchange resin in 
Mg 2+ form. The pH of the solution was adjusted to the desired value (see Ta- 
ble I) with MgO. Before the nanofiltration, the liquor was pretreated by dilution 
(filtrations C1 and C3), by filtration through a filter paper (filtration C6) or with 
MgO dosing combined with filtration through a filter paper (filtrations C7 and 

25 C8). 

A batch mode nanofiltration was carried out using a laboratory 
nanofiltration equipment consisting of rectangular cross-flow flat sheet mod- 
ules with a membrane area of 0.0046 m 2 . Both the permeate and the reten- 
tate were recycled back to the feed vessel (total recycling mode filtration). The 
30 feed volume was 20 liters. During the filtration, the cross-flow velocity was 6 
m/s and the pressure was 1 8 bar. The temperature, was kept at 40 °C . 

Table I presents the results of the total recycling mode filtrations. 
The flux values in Table I were measured after 3 hours of filtration. Table I 
shows the dry substance content (DS) in the feed (%), the xylose content in 
35 the feed and in the permeate (based on the dry substance content), the per- 
meate flux at a pressure of 18 bar and the flux reduction caused by fouling. 
The membranes were Desal-5 DK and NTR-7450. 
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TABLE I 



Filtration 
No., 

membra- 
ne 


PH 


DS in the 
feed, w-% 


Xylose in 
feed, 
% on DS 


Xylose in 
permeate, 
% on RDS 


Flux 
l/(m 2 h) 


Fouling, % 


01, 

Desal-5 - 
DK 


3.4 


8.1 


22.6 


27.4 


31 


1 


C6* 

Desal-5- 
DK 


3.4 


9.7 


20.3 


33.5 


23 


1 


C7* 

Desal-5- 
DK 


5.9 


8.2 


21.7 


55.2 


58 


3 


C3, 

NTR- 

7450 


3.4 


7.6 


24.3 


29.9 


25 


29 


C8, 

NTR- 

7450 


6.1 


8.3 


21.8 


34.5 


43 


25 


C8, 

Desal-5- 
DK 


6.1 


8.3 


21.8 


45 


30 


1 



* average value of two- membranes 

5 The results of Table I show that nanofiltration provides xylose con- 

centrations of 1.5 to 2.5 times those of the feed. When the pH in the feed is 
high, the xylose content on RDS in the permeate is high. The xylose content 
on RDS in the permeate is high for example when pH is 5.9 or 6.1. Further- 
more, the flux was improved even to two-fold at higher pH values. The Desal- 

10 5 DK membrane at a high pH provided the best results. 
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EXAMPLE II 

Separation of xylose at various temperatures 

The effect of the temperature was studied using the same equip- 
ment and the same spent liquor solution as in Example 1 . The temperature 
5 during the nanofiltration was raised from 25°C to 55°C. The membrane was 
Desal-5 DK, and the nanofiltration conditions were the following: pH 3.4, pres- 
sure 16 bar, cross-flow velocity 6 m/s, DS 7.8%. The feed concentration and 
pressure were kept constant during the experiment. 

Table II shows the xylose contents in the feed and in the permeate, 
10 based on the dry substance content (permeate values are average values of 
two membranes). 



TABLE II 



Temperature, °C 


Xylose in feed, 
% on DS 


Xylose in permeate, 
% on RDS 


25 


24.5 


23.8 


40 


24.5 


29.9 


55 


24.6 


34.6 



15 

The results of Table II show that the higher the temperature, the 
higher concentrations of xylose can be obtained. 



EXAMPLE III 

20 Separation of xylose using ultrafiltration as pretreatment 

(A) Pretreatment with ultrafiltration 

Concentration mode ultrafiltrations DU1 and DU2 were carried out 
using an RE filter (rotation-enhanced filter). In this filter, the blade rotates near 

25 the membrane surface minimizing the concentration polarization during the fil- 
tration. The filter was a home-made cross-rotational filter. The rotor speed 
was 700 rpm. In filtration DU1, the membrane was C5F UF (a membrane of 
regenerated cellulose having a cut-off size of 5000 g/mol, manufacturer 
Hoechst/Celgard). In filtration DU2, the membrane was Desal G10 (a thin film 

30 membrane having a cut-off size of 2500 g/mol, manufacturer Osmon- 
ics/Desal). 
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Concentration mode filtrations were made using a Mg-based sul- 
phite spent pulping liquor obtained from beechwood pulping. The filtration was 
carried out at a temperature of 35°C and a pH of 3.6. The results are pre- 
sented in Table Ilia, 

5 

Table Ilia 



Filtration 
No. 


Membrane 


DS in feed, 

% ' 


Filtration 
time 


Xylose in 
feed, 
% on PS 


Xylose in 
permeate, 
% on RDS 


DIM 


C5F 


14.4 


1 hour 


16.3 


23.2 


DU1 


C5F 


22.0 


23 hours 


9.2 


20.0 


DU2 


DesalGIO 


12.2 


3 days 


12.7 


41.6 



(B) Nanofiltratipn 

10 .A one-day laboratory-scale experiment where the* permeate was 

collected out was carried out with the same equipment as in Example 1 (filtra- 
tions DN1 and DN2). The liquor to be treated was a Mg-based sulphite spent 
pulping liquor obtained from beechwood pulping. 

In filtration DN1, the ultrafiltered spent liquor (DU1 using a C5F 

15 membrane) was used as the feed solution. The pH of the solution was ad- 
justed to 4.5 using MgO, and the liquor was prefiltered through a filter paper 
before nanofiltration. Nanofiltration was carried out at a pressure of 19 bar 
and at a temperature of 40°C. 

Filtration DN2 was carried out using the diluted original spent liq- 

20 uor. Its pH had been adjusted to 4.8 and the solution was prefiltered through a 
filter paper before nanofiltration. The nanofiltration was carried out at a pres- 
sure of 17 bar and at a temperature of 40°C. After about 20 hours of filtration, 
a permeate volume of 5 liters and a concentrate volume of 20 liters were ob- 
tained. 

25 Both filtrations DN1 and DN2 were carried out at a cross-flow ve- 

locity of 6 m/s. Fouling was about 1% in both filtrations. The nanofiltration 
membrane in both filtrations was Desal-5 DK. 

In each filtration DN1 and DN2, the nanofiltration membrane was 
pretreated in three different ways: (1) no pretreatment, (2) washing the mem- 

30 brane with ethanol, and (3) washing the membrane with an alkaline detergent. 
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The results are set forth in Table Hlb: 



TABLE I lib 



Filtration 


PH 


DS in feed, 

% 


Xylose 
in feed, 
% on DS 


Xylose in 
permeate, 
% on RDS 
(1V(2V(3) 


Flux, 
l/(m 2 h) 
at 20 h 


DN1 


4.5 


10.7 


21.1 


24/35/49 


14 

(19 bar) 


DN2 


4.6 


12.3 


16.8 


N.A.*/35/34 


22/32 
(17/19 bar) 



5 * (N.A. = not analyzed) 



The results of Table lllb show .that the proportion of xylose in the 
dry solids of the permeate obtained from the nanofiitration was somewhat 
changed when ultrafiltration was used as a pretreatment step. On the other 
10 hand, washing the membrane with ethanol or an alkaline detergent increased 
the xylose content considerably. 

EXAMPLE IV 

Separation of xylose at various pressures 
15 Experiment DS1 was carried out using DSS Labstak® M20-filtering - 

equipment operating with total recycling mode filtration (manufacturer Danish 
Separation Systems AS, Denmark). The iiquor to be treated was the same as 
in Example III. The temperature was 35°C and the flow rate was 4.6 l/min. 
The membrane was Desal-5 DK. Before the experiments, the pH of the spent 
20 liquor was adjusted to 4.5 and the liquor was prefiltered through a filter paper. 
The results are shown in Table IVa. 
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Table IVa 



Filtration 


Pressure 


DS in feed, 
% on DS 


Xylose in feed, 
% on DS 


Xylose in per- 
meate, 
% on RDS 


Flux, 
l/(m 2 h) 


DS1 


22 bar 


11.4 


17.3 


24.5 


18 




35 bar 


12.1 


16.5 


20.9 


42 



Further experiments (filtrations DV1 and DV2) were carried out us- 
5 ing a VOSEP filter (manufacturer New Logic), which is a high shear rate filter. 
Its efficiency is based on vibrating motion that causes a high shear force on 
the membrane surface. In filtration DV1, the feed concentration has been in- 
creased during the filtration by adding new concentrated feed to the vessel. At 
the same time the pressure was also increased. Table V shows the xylose 
10 content based on the dry solids contents in the feed and in the permeate at 
two feed dry solids concentrations. 



TABLE IVb 



Filtration 


DS in feed, 

% 


Pressure, 
bar 


Xylose in 
feed, 
% on DS 


Xylose in 
permeate, 
% on RDS 


Flux, 
l/(m 2 h) 


DV1 


11 


21 


16 


20 


75 


DV2 


21 


35 


16 


42 


22 



15 

It can be seen from the results of Tables IVa and IVb that a simul- 
taneous increase of the nanofiltration pressure and the dry substance content 
of the feed increased the xylose content of the permeate. 

20 EXAMPLE V 

Separation of xylose at various values of the feed dry solids 
The liquor to be treated was the ultrafiltered liquor from filtration 
DU2 of Example III (the ultrafiltration had been carried out with Desal G10 
membrane from Osmonics/Desal). The nanofiltration was carried out at a 
25 pressure of 30 bar, a temperature of 35°C and a pH of 5.3). The nanofiltration 
membranes were Desal-5 DK, Desal-5 DL and NF 200. 
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The effect of feed dry solids content on the membrane perform- 
ance is presented in Table V. 



TABLE V 







Xvlose in permeate, % or 


i DS 


DS in feed, % 


Xylose in 
feed, % on DS 


Desal-5DK 


Desal-5 DL 


NF200 


5.6 


33.2 


31 


26 


42 


10.3 


32.5 


42 


35 


60 


18.5 


29.8 


69 


65 


64 



For comparative purposes, the contents of other carbohydrates (in 
addition to xylose), oligosaccharides, xylonic acid, metal cations (Ca + and 
Mg 2+ ) as well as sulphite and sulphate ions were analyzed from samples 
10 taken from a concentration mode ultrafiltration (DS4) at three different con- 
centrations (the feed samples) and from the corresponding permeates ob- 
tained from nanofiltration with three different nanofiltration membranes (the 

permeate samples). 

The results are set forth in Table Va. In Table Va, sample numbers 

15 A, B and C refer to samples taken from the feed (liquor ultrafiltered with Desal 
G10 membrane) in a concentration mode filtration at three different dry sub- 
stance contents (DS) of 5.6, 10.3 and 18.5, sample numbers D, E and F refer 
to corresponding samples taken from the permeate obtained from nanofiltra- 
tion with a Desal 5DK membrane, sample numbers G, H and I refer to corre- 

20 sponding samples taken from the permeate obtained from nanofiltration with a 
Desal-5 DL membrane, and sample numbers J, K and L refer to the corre- 
sponding samples taken from the permeate obtained from nanofiltration with 

a NF 200 membrane. 

In Table Va, the contents of carbohydrates were analyzed using 
25 HPLC with Pb 2+ form ion exchange column and Rl detection, disaccharides 
using HPLC with Na + form ion exchange column and the contents of xylonic 
acid using HPLC with anion exchange column and PED detection. 
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Furthermore, Table Vb shows the carbohydrate contents and some 
other analytical results of the feed liquid at a dry substance content of 18.5% 
(sample C above) and of the corresponding permeate samples (samples F, I 
and L above) (ultrafiltration as the pretreatment step; the nanofiltering eondi- 
5 tions: 35 °C, 30 bar, pH 5,3, DS in the feed 18.5%, DSS LabStak® M20). 



PCT/FIO 1/01 155 

WO 02/053781 ~ ~ 



24 



1 


CO L1 - 

o ^ 




CO 


64.0 


r*vi 1 
l 


to 


CM 
CO 


n.d. 






CD 


LO 
CM 


CD 
CD 


CD 


\s 


Q ^ 




CO 


cd 

CO 




CD 


co 


c£ 


LO 




CO 
CD 


CD 
CM 


CD 
CD 


LO 
O 




Q Z 




CNJ 






LO 
CD 


CM 


0 
c 


LO 




CD 


CM 


CO 
CD 


CO 
CD 




CO 

Q Q 




CD 


LO 
CO 


LO I 


cd 


CD 
CM 


CD 


LO 




CD 


CO 
CD 


CD 
O 


10 
0 




o Q 






lo 

CO 


1 

o 


CO 

o 


LO 


T3 
cr 


LO 




LO 
CD 


CD 
CD 


CD 


CO 
CD 


CD 


^ Ij 
o Q 






CD 
CM 


f> — 1 

o 


• CO 

cz 




TD 
C 


LO 




CD 


CD 
CD 


LO 
CD 






CO ^ 




CO 
CM 


CD 
CD 


col 


CD 
CD 


CM 


TD 

cf 






CD 


3 

CD 


LO 
CD 


CD 


uj 35 | 






CM 
^* 


cd 


CO 

o 


LO 


CM 
CD 


LO 




CD 


CD 


CO 
CD 


CM 
CD 


Q 


o Q 






CO 


cd 


I 00 
o 




cf 


LO 




CD 


LO 
CD 


CD 


CM 
CD 


O 






CD 
CO 


CO 
CD 
CM 


CD 


1 °° 
o 


CO 
CO 


LO 
CD 


CM 




CD 


CD 


CD 
LO 
CD 


CO 
CO 


CQ 


CNJ 

CO CO 




CO 
CO 


LO 

CM 
CO 


CD 


1 00 

CD 


CM 
CO 


LO 
CD 


CD 




CD 


O 


CM 
CD 
CD 


CM 
CO 


< 


: g « 




cz 
co 


* CO 


. CD 


CO 


> CM 
I CO 


LC 
O 






1 CM 
O 


<N 


LO 
O 


CD 
CM 


Table Va 


a 
c 

c 
c 

C 

i 

c 
J 

c 

c 


) 

> 

i 
5 

» a 

I \ 
I 1 


-> 

r -i 

33 5 
i 


a 

tr 

g 
E 
a 

-E 
-f 

a 

a 

3 i 
? 1 

i 


> 
} 
> 

i I 

i 
i 

35] c 


i ! 

= C 
3 C 

a c 
5 E 
1 


c 

c 
c 

CI 

c 

1 

r £ 

7 c 


> 

I « 

: t 
s c 

3 .& 

! i 
5 £ 


I c 

t E 

re 

* -s 

? £ 


1 

\\ 

> 

> a 
J C 

\ ' 
M 

)1 

> 


I i 
1 


u: 
c 

c 
c 

0 

c 
fl 

'JE 
c7 


c 

5 0 

! SS 

: _cz 

1 Q_ 

3 =3 
3| CO 



TD "O 
0) a) 

as -a 



o 
c 

u 



o 
c 



-a 
c 



WO 02/053781 



PCT/FI01/01155 



25 



TABLE Vb 





1 ecu 


Permeate 




UF permeate 


r> _ ^ ^_ 1 c r\i/ r 

Desal-5 DK 
(sample F) 


Desal-o DL 
(sample I) 


Nr-20U (sam- 
pleL) 


PH 


5.4 


4.8 


A Ok 




uOi lUUuiiviiy , 

mS/cm 


1 0. 1 


2.2 


2.8 


4.5 


UUiULif 1 




7050 


12200 


7540 


UV 280 nm, 
1/cnro 


350 


1 / 


1 0 


1 ft 
I O 


Xylose, 
% on DS 


29.8 


69.0 


65.0 


64.0 


Glucose, 
% on DS 


3.9 


2.8 


1-9 


3.9 


Xylonic acid, 
% on DS 


12.7 


4.0 


5 


4.1 


Mg 2+ , 
% on DS 


4.6 


0.04 


0.3 


2.5 


S0 4 2 -, 
% on DS 


3.8 


0.1 


0.5 


0.4 



Tables Va and Vb show that nanofiltration effectively concentrated 
5 pentoses, such as xylose and arabinose in the permeate, while removing an 
essential amount of disaccharides, xylonic acid, magnesium and sulphate 
ions from the xylose solution. Hexoses, such as glucose, galactose, rham- 
nose and mannose were not concentrated in the permeate. 

The purity of xylose solutions can thus be effectively increased by 
10 nanofiltration. Furthermore, nanofiltration demineralizes the spent liquor by 
removing 98% of the divalent ions. 

EXAMPLE VI 

Separation of xylitol and sorbitol 
15 This example illustrates the separation of xylitol and sorbitol with 

nanofiltration from a feed solution including these two compounds. The nano- 
filtration was carried out with DSS Labstak M20 filter using a cross-flow veloc- 
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ity of about 0.6 m/s, a temperature of 50°C, a pressure of 18 bar and a pH in 
the range of 7 to 8. The nanofiltratiori membranes were Desal-5 DK, Desal-5 
DL and TS-80. The nanofiltration was carried out in two stages: first a batch 
mode concentration filtration to volume reduction of 50%, followed by diafiltra- 

5 tion at a constant feed volume so far that the same amount of permeate was 
obtained as the feed volume was at the beginning of the diafiltration. In both 
nanofiltration stages (batch mode concentration filtration and diafiltration), the 
concentrate was circulated back to the feed. RDS of the feed of the first nano- 
filtration stage (Feed 1) was 10.4g/100 g. RDS of the feed of the second 

10 stage (Feed 3, at the end of the diafiltration) was 10.6 g/100 g. Table VI pre- 
sents the contents of xylitol and sorbitol (in % on RDS) as well as the ratio of 
xylitol to sorbitol in the two feeds (Feed 1 and Feed 3) and in the nanofiltration 
permeates obtained from nanofiltrations of each feed with three different 
membranes. 

15 

TABLE VI 





Xylitol, % on RDS 


Sorbitol, % on 
RDS 


Xylitol/sorbitol 
ratio 


Feed-1 


59 


39 


1.5 


Desal-5 DK-1 


70 


26 


2.7 


Desal-5 DL-1 


69 


30 


2.3 


TS-80-1 


73 


28 


2.6 


Feed-3 


52 


46 


1.1 


Desal-5 DK-3 


65 


31 


2.1 


Desal-5 DL-3 


62 


35 


1.8 


TS-80-3 


71 


30 


2.4 



Xylitol (152.15 g/mol) permeated more preferably than sorbitol 
20 (182 1 7 g/mol). Xylitol is enriched in the nanofiltration permeate and can thus 
be separated from sorbitol, which remains in the nanofiltration retentate. 



25 



WO 02/053781 




PCT/FI01/01155 



,27 



EXAMPLE VII 

Separation of arabinose and rhamnose 
# This example illustrates the separation of arabinose and rhamnose 
, from a feed solution having DS of about 10% and containing 60% arabinose 

5 on DS and 40% rhamnose on DS. The nanofiltration was carried out with DSS 
Labstack M20 filter using a cross-flow velocity of about 0.6 m/s, a temperature . 
of 50 °C, a pressure of 21 bar and a pH of 7. The nanofiltration membranes 
were ATF-60, Desal-5 DK, Desal-5 DL and TS-80. The nanofiftration was car- 
ried out in two stages: first a batch mode concentration filtration to volume re- 

10 duction of 50%, followed by diafiltration at constant feed volume so far that 
the same amount of permeate was obtained as the feed volume was at the 
beginning of the diafiltration. In both nanofiltration stages (batch mode con- 
centration filtration and diafiltration), the concentrate was circulated back to 
the feed. Table VII presents the ratio of arabinose to rhamnose in the feed 

15 and in the nanofiltration permeates obtained from nanofiltrations with four dif- 
ferent membranes. 



TABLE VII 





Arabinose/rhamnose 
ratio at the beginning of 
the nanofiltration 


Arabinose/rhamnose ra- 
tio at the end of the 
diafiltration 


Feed 


1.5 


1.1 


ATF-60 


2.8 


2.2 


Desal-5 DK 


2.7 


2.1 


Desal-5 DL 


2.3 


1.7 


TS-80 


2.1 


1.7 



20 

Ratio of arabinose (150.13 g/mol) to rhamnose (164.16 g/rnol) was 
about two times higher in the permeate than in the feed. Arabinose as a pen- 
tose sugar is enriched in the nanofiltration permeate and can thus be sepa- 
rated from rhamnose (a hexose sugar), which remains in the nanofiltration re- 
25 tentate. 
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EXAMPLE VIII 

Separation of betaine from erythritol and glycerol 
This example illustrates the separation of betaine from erythritol 
and glycerol. The feed solution with DS of 9% contained betaine in an amount 
5 of 20.5 g/l, erythritol in an amount of 24 g/l and glycerol in an amount of 45.3 
g/l. The nanofiltration was carried out with DSS Labstack M20 filter using a 
cross-flow velocity of about 0.6 m/s, a temperature of 70°C, a pressure of 17 
bar and a pH of 7.3. The nanofiltration membranes were Desal AG, NF45, 
Desal-5 DL and Desal-5 DK. The results of the nanofiltration are set forth in 
10 Table VIII. 



TABLE VIII 





Retention of 
betaine, % 


Retention of 
ervthritol, % 


Retention of 
glycerol, % 


Desal AG 


61 


52 


22 


NF 45 


93 


26 


9 


Pesal-5 DL 


89 


17 


4 


Desal-5 DK 


94 


25 


6 



The retention of betaine (117.15 g/mol) was thus significantly 
higher than the retention of erythritol (122.12 g/mol) and glycerol (92.09 
g/mol). 



EXAMPLE IX 

20 Separation of betaine from glucose, inositol and erythritol 

This example illustrates the separation of betaine from glucose, 
inositol and erythritol. The original feed solution had RDS of 8.8 g/100 g and 
contained all four compounds in an equal amount of 20% on DS. The nanofil- 
tration was carried out with DSS Labstack M20-fi!ter using a cross-flow veloc- 

25 ity of about 0.6 m/s, a temperature of 70°C, a pressure of 1 8 bar and a pH of 
6.9. The nanofiltration membranes were Desal-5 DK and Desal-5 DL. The 
nanofiltration was carried out in two stages: first a batch mode concentration 
filtration to volume reduction of 50%, followed by diafiltration at a constant 
feed volume so far that the same amount of permeate was obtained as the 

30 feed volume was at the beginning of the diafiltration. Table IX shows the con- 



WO 02/053781 



PCT/FI01/01155 



29 



tents of each compound in the feed and the retentions (%) of each compound 
after the diafiltratibn stage. 



TABLE IX 





Glucose 


Inositol 


Erythritol 


Betaine 


Feed, g/l 


19.0 


26.4 


6.9 


28.6 


Desai-5 DK 


73% 


82% 


12% 


91% 


Desal-5 DL 


57% 


71% 


6% 


85% 



10 



15 



20 



The retention of betaine (117.15 g/mol) was even 90%. The sepa- 
ration of betaine from erythritol (122.12 g/mol) was very clear, although the 
difference in their molar masses is very small. 

EXAMPLE X 

Separation of betaine from glucose and inositol 

This example illustrates the separation of betaine from glucose and 
inositol using NTR-7450 nanofiltration membrane. The original feed solution 
had RDS of 8.8 g/100 g and contained all three compounds in an equal 
amount of 20% on DS. The nanofiltration was carried out with DSS Labstack 
M20 filter using a cross-flow velocity of about 0.6 m/s, a temperature of 70°C, 
a pressure of 18 bar and a pH of 6.9. The nanofiltration was carried out in 
two stages: first a batch mode concentration filtration to volume reduction of 
50%, followed by diafiltration at a constant feed volume so far that the same 
amount of permeate was obtained as the feed volume was at the beginning of 
the diafiltration. Table X shows the retentions (%) and the feed compositions 
(g/l) after the diafiltration stage. 



25 



TABLE X 





Glucose 


Inositol 


Betaine 


Feed, g/l 


19.0 


26.4 


28.6 


NTR-7450 


46% 


41% 


10% 
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The NTR-7450 membrane did not retain betaine and the retention 
of glucose and inositol was better than the retention of betaine. Betaine was 
thus enriched in the nanofiltration permeate. 

5 EXAMPLE XI 

This example illustrates the separation of maltose from maltotriose. 
The liquor to be treated was a maltose syrup having a maltose con- 
tent of about 84 % on RDS or about 7.6 - 7.8 % on liquid weight, a maltotriose 
content of about 8.5 to 8.8 on RDS or about 0.8 % on liquid weight and a dry 
10 substance content of about 9.2 % by weight. 

A batch mode nanofiltration with nine different nanofiltration 
membranes was carried out using a laboratory nanofiltration equipment con- 
sisting of rectangular cross-flow flat sheet modules with a membrane area of 
0.0046 m 2 . The nanofiltration equipment contained three nanofiltration ele- 
15 ments in parrallel, whereby three different membranes could be tested at the 
same time with the same feed. The feed volume in all tests was 20 liters. Be- 
fore the nanofiltration, the membranes were washed with water. 

The nanofiltration temperature was about 35°C. In the first three fil- 
trations (tests 1 to 14), pH was between 6 and 7. In the fourth filtration (tests 
20 15 to 19), pH was 4.5. 

In the first filtration (tests 1 to 6), the pressure was gradually in- 
creased from 8 bar to 18 bar. The subsequent filtrations (tests 7 to 19) were 
made at a pressure of 18 bar. All tests were carried out with a cross-flow ve- 
. locity of 6 m/s. 

25 ' The contents of carbohydrates (maltotriose and maltose) on liquid 
weight (% of Iw) and/or on RDS (% of RDS) were analyzed from the feed liq- 
uid before the nanofiltration, from the permeate obtained from the nanofiltra- 
tion with nine different nanofiltration membranes and from the feed liquid after 
the nanofiltration (the retentate obtained from the nanofiltration). Furthermore, 

30 the contents of metal ions (Na, Ca) (mg/kg RDS) as well as the ratio of mal- 
tose to maltotriose were measured from the same samples. The results of the 
nanofiltration tests are set forth in Tables XI and XII. 

The results of Tables XI and XII show that the tested membranes 
retained a higher proportion of maltotriose than maltose, resulting in a clear 

35 increase in the ratio of maltose to maltotriose in the permeate. The best re- 
sults are obtained with NTR-7450 and Desal G10 membranes. For instance, 
with Desal G10 membrane, the ratio of maltose to maltotriose in the permeate 
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is about 28-fold compared to the corresponding ratio in the feed before the 
nanofiltration. The results also show that oligosaccharides are almost com- 
pletely retained by the nanofiltration membranes. 

As a conclusion, maltotriose can thus be effectively separated from 
5 maltose using nanofiltration. 
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EXAMPLE XII 

Separation of maltose from maltotriose at varying concentrations of 

maltose in the feed 

This example illustrates the separation of maltose from maltotriose 

5 and other oligomers with different maltose concentrations in the feed. The liq- 
uors used in the nanofiltration were fractions obtained from chromatographic 
separation or mixtures thereof. The feed liquors had varying concentrations of 
maltose (3.9, 7.3, 10.7 and 15.0 g/100 g, respectively) and a DS in the range 
of 14.3 to 15.7% (the DS values of the nanofiltration feeds were approxi- 

10 mately the same). The nanofiltration was- carried out using NTR 7450 nanofil- 
tration membrane, a nanofiltration pressure of 25 to 30 bar, a flow velocity of 
about 0.6 m/s and a temperature of 35°C. 

The results are set forth in Table XIII. The oligomers refer to oli- 
gomers with a polymerization degree of 3 or higher, including maltotriose. 

15 

TABLE XIII 



NTR-7450 membrane 


Maltose 


Oligomers 


Feed 


Feed.g/TOOg Retention i 


Feed,g/100g Retention 


Oliqomer fraction 


3.9 73% 


11.8 97% 


Glucose fraction 


7.3 72% 


0.3 92% 


Maltose and glucose 
fraction 


10.7 68% 


0.4 97% j 


Maltose fraction 


15.0 52% 


0.4 83% 



The retention of oligomers (including maltotriose) is maintained 
20 high even at higher concentrations, whereas the retention of maltose de- 
creases with increasing concentrations of maltose in the feed. The permea- 
tion of maltose is thus increased with increasing maltose concentrations. 
Hereby the separation of maltose from maltotriose and other oligomers is im- 
proved with increasing concentrations of maltose in the feed. 

Example XIII 

Separation of amino acids and betaine 

This example illustrates the separation of amino acids (serine and 
proline) from betaine using Desal-5 DL and Desal-5 DK membranes. The feed 
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solution contained betaine and amino acids and had a DS in the range of 2.6 
to 3.0 g/100 g. The nanofiltration was carried out using a flow velocity of about 
0.6 m/s, a temperature of 70°C, a pressure of 16 bar to 25 bar and a pH of 
about 10. The results expressed as average retentions are set forth in Table 
5 XIV. 



TABLE XIV 



Average retention 


Serine 


Proline 


Betaine 


Desal-5 DL 


71% 


35% 


70% 


Desal-5 DK 


76% 


46% 


78% 



10 . 1 Proline is thus clearly separated from betaine and serine. 

The foregoing general discussion and experimental examples are 
only intended to be illustrative of the present invention, and not to be consid- 
ered as limiting. Other variations within the spirit and scope of this invention 
15 are possible and will present themselves to those skilled in the art. 
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Claims: 

1 A process of separating compounds with a small molar mass 
from compounds having a molar mass less than 1.9 times that of the com- 
pounds with a small molar mass, characterized by 

providing a starting solution comprising compounds with a small 
molar mass and compounds with a molar mass less than 1.9 times that of the 
compounds with a small molar mass, 

subjecting said solution to nanofiltration to obtain a fraction en- 
riched in compounds with a small molar mass and a fraction enriched in com- 
pounds with a molar mass less than 1.0 times that of the compounds with a 

small molar mass, 

recovering the fraction enriched in compounds with a small molar 

mass, and ... 

optionally recovering the fraction enriched in compounds with a mo- 
lar mass less than 1 .9 times that of the compounds with a small molar mass. 

2. A process as claimed in claim 1, character! zed in that 
the compounds with a small molar mass have a molar mass of up to 250, 

preferably up to 200 g/mol. 

3 A process as claimed in claim 1 or 2, characterized in 
that the compounds having a molar mass less than 1 .9 times that of the com- 
pounds with a small molar mass have a molar mass of up to 1.5 times that of 
the compounds with a small molar mass. 

4. A process as claimed in any one of the preceding claims, cha- 
racterized in that the fraction enriched in compounds having a small 
molar mass has a content of the same over 1.1 times, preferably over 1.5 
times, more preferably over 2.5 times and most preferably over 3.5 times that 
of the starting solution, based on the dry substance content. 

5. A process as claimed in claim 4, characterized in that 
the fraction enriched in compounds having a small molar mass has a content 
of the same of or over 1 .5 to 3.5 times that of the starting solution, based on 

the dry substance content. 

6. A process as claimed in any one of the preceding claims, cha- 
racterized inthat the fraction enriched in compounds with a smalt molar 
mass is recovered as the nanofiltration permeate. 
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7. A process as claimed in claim 6, characterized in that 
the fraction enriched in compounds with a molar mass less than 1.9 times that 
of the compounds with a small molar mass is recovered as the nanofiltration 
retentate. 

5 8. A process as claimed in any one of claims 1 to ^characte- 

rize d in that the fraction enriched in compounds with a small molar mass is 
recovered as the nanofiltration retentate. 

9. A process as claimed in claim 8, characterized in that 
the fraction enriched in compounds with a molar mass less than 1.9 times that 

10 of the compounds with a small molar mass is recovered as the nanofiltration 
permeate. 

10. A process as claimed in any one of the preceding claims, 
c h a r a cterized in that the compounds with a small molar mass are se- 
lected from sugars, sugar alcohols, inositols, betaine, cyclodextrins, amino ac- 

15 ids, uronic acids and carboxylic acids. 

1 1 . A process as claimed in claim 10, characterized in that 
the compounds with a small molar mass comprise pentose sugars and com- 
pounds with a molar mass less than 1.9 times that of the compounds with a 
small molar mass comprise hexose sugars. 

20 12. A process as claimed in claim 11,characterized in that 

said pentose sugars comprise xylose and arabinose and said hexose sugars 
comprise glucose, galactose, rhamnose and mannose. 

13. A process as claimed in claim 11 or 12, characterized 
in that the fraction enriched in pentose sugars is recovered as the nanofiltra- 

25 tion permeate and the fraction enriched in hexose sugars is recovered as the 
nanofiltration retentate. 

14. A process as claimed in claim 10, c haracterized in that 
the compound with a small molar mass is selected from xylitol and the com- 
pound with a molar mass less than 1.9 times that of the compound with a 

30 small molar mass is selected from sorbitol. 

15. A process as claimed in claim 14, characterized in that 
the fraction enriched in xylitol is recovered as the nanofiltration permeate and 
the fraction enriched in sorbitol is recovered as the nanofiltration retentate. 



WO 02/053781 




PCT/FI01/01155 



40 



16. A process as claimed in claim 10, characterized in that 
the compound with a small molar mass is selected from betaine and the com- 
pound with a molar mass less than 1.9 times that of the compounds with a 
small molar mass is selected from erythritol. 
5 17. A process as claimed in claim 10, characterized in that 

the compound with a small molar mass is selected from betaine and com- 
pounds with a molar mass less than 1.9 times that of the compounds with a 
small molar mass are selected from glucose and inositol. 

18. A process as claimed in any one of the preceding claims, 
10 c h a r a c t e r i z e d in that the starting solution comprises a biomass hydro- 

lysate or a biomass extract. 

19. A process as claimed in any one of claims 1 to 7 and 11 to 13, 
characterized in that the fraction enriched in compounds with a molar 
mass of less than 1 .9 times that of the compounds with a small molar mass is 

15 further enriched in divalent ions. 

20. A process as claimed in claim 19, characterized in that 
the fraction enriched in compounds with a molar mass less than 1 .9 times that 
of the compounds with a small molar mass is further enriched in compounds 
with a molar mass of 1.9 to 4 times that of the compounds with a molar mass 

20 and compounds with a molar mass over 4 times that of the compounds with a 

small molar mass. 

21 . A process as claimed in any one of the preceding claims, 
characterized in that the starting solution has been subjected to one 
or more pretreatment steps. 

25 22. A process as claimed in claim 21, characterized in that 

the pretreatment steps are selected from ion exchange, ultrafiltration, chroma- 
tography, concentration, pH adjustment, filtration, dilution, crystallization and 
combinations thereof. 

23. A process as claimed in any one of the preceding claims, 
characterized in that the starting solution has a dry substance content 
of 3 to 50 % by weight, preferably 8 to 25 % by weight. 

24. A process as claimed in any one of the preceding claims, 
characterized in that the starting solution has a content of the com- 
pounds with a small molar mass of 5 to 95 %, preferably 15 to 55 %, more 

35 preferably 15 to 40 % and especially 8 to 27 %, based on the dry substance 
content. 
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25. A process as claimed in any one of the preceding claims, 
characterized in that the starting solution used as the nanofiltration 
feed has a dry substance content less than 30 % by weight. 

26. A process as claimed in any one of the preceding claims, 
5 characterized in that nanofiltration is carried out a pH of 1 to 12, pref- 
erably 4 to 11. 

27. A process as claimed in any one of the preceding claims, 
characterized in that nanofiltration is carried out at a pressure of 10 to 
50 bar, preferably 1 5 to 35 bar. 

10 28. A process as claimed in any one of the preceding claims, 

characterized in that nanofiltration is carried out at a temperature of 5 
to 95 °C, preferably 30 to 80 °C. 

29. A process as claimed in any one of the preceding claims, 
characterized in that the nanofiltration is carried out with a flux of 2 to 

15 1 00, preferably 1 0 to 60 liters/m 2 h. 

30. A process as claimed in any one of the preceding claims, 
characterized in that nanofiltration is carried out using a nanofiltration 
membrane selected from polymeric and inorganic membranes having a cut-off 
size of 100 to 2500 g/mol. 

20 31 . A process as claimed in claim 30, characterized in that 

the cut-off size of the nanofiltration membrane is 150 to 1000 g/mol. 

32. A process as claimed in claim 31, characterized in that 
the cut-off size of the nanofiltration membrane is 1 50 to 500 g/mol. 

33. A process as claimed in any one of claims 30 to 32, c h a r a c - 
25 terized in that the nanofiltration membrane is selected from ionic mem- 
branes. 

34. A process as claimed in any one of claims 30 to 32, c h a r a c - 
terized in that the nanofiltration membrane is selected from hydrophilic 
membranes. 

30 35. A process as claimed in any one of claims 30 to 32, charac- 

terized in that the nanofiltration membrane is selected from hydrophobic 
membranes. 

36. A process as claimed in any one of claims 30 to 32, chara c- 
terized in that the nanofiltration membrane is selected from cellulose ace- 
35 tate membranes, polyethersulfone membranes, sulfonated polyether sul- 
phone membranes, polyester membranes, polysulfone membranes, aromatic 
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polyamide membranes, polyvinyl alcohol membranes and polyplperazine 
membranes and combinations thereof. 

37. A process as claimed in claim 36, c h a r a c t e r i z e d in that 
the nanofiltration membrane is selected from sulfonated polyether sulfone 

5 membranes and polypiperazine membranes. 

38. A process as claimed in claim 35 to 37, characterized 
in that the nanofiltration membrane is selected from NF-200, Desal-5 DK, ATF 
60, NF 45 and NTR-7450 membranes. 

39. A process as claimed in any one of claims 30 to 38, c h a r a c- 
10 terized in that the form of the nanofiltration membrane is selected from 

sheets, tubes, spiral membranes and hollow fibers. 

40. A process as claimed in any one of claims 30 to 39, c h a r a c - 
ter i Z ed in that the nanofiltration membrane is selected from high shear 
type membranes. 

15 41. A process as claimed in any one of the preceding claims, 

characterized in that the nanofiltration membrane has been pre- 

treated by washing. 

42. A process as claimed in claim 41, characterized in that 
the washing agent is selected from ethanol and/or an alkaline detergent. 
20 43. a process as claimed in any one of the preceding claims, 

chracterized in that the nanofiltration process is repeated at least 
once. 

44. A process as claimed in any one of the preceding claims, 
characterized in that the process is carried out batchwise or continu- 

25 ously. 

45. A process as claimed in any one of the preceding claims, 
characterized in that the process is carried out using a nanofiltration 
equipment including several nanofiltration elements arranged in parallel or se- 
ries. 

30 46. a process as claimed in any one of the preceding claims, 

characterized in that the starting solution has been subjected to one 

or more pretreatment steps. 

47. A process as claimed in claim 46, c h a r a c t e r i z e d in that 

the pretreatment steps are selected from ion exchange, ultrafiltration, chroma- 
35 tography, concentration, pH adjustment, filtration, dilution, crystallization and 

combinations thereof. 
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48. A process as claimed in any one of the preceding claims, 
characterized in that the process also comprises one or more post- 
treatment steps. 

49. A process as claimed in claim 48, characterized in that 
5 the post-treatment steps are selected from ion exchange, crystallization, 

chromatography, concentration and colour removal. 

50. A process as claimed in any one of claims 1 to 7, 10 to 13 and 
18 to 48 for separating xylose from a biomass hydrolysate, characteri- 
ze d by subjecting said biomass hydrolysate to nanofiltration and recovering 

10 as the nanofiltration permeate a solution enriched in xylose. 

51 . A process as claimed in claim 50, characterized in 
that the dry substance content of the starting solution is 3 to 50 % by weight, 
preferably 8 to 25 % by weight. 

52. A process as claimed in claim 50 or 51, characterized 
15 in that the starting solution has a xylose content of 5 to 95 %, preferably 15 to 

55 %, more preferably 15 to 40 % and especially 8 to 27 % by weight, based 
on the dry substance content. 

53. A process as claimed in any one of claims 50 to 52, c h a r a c - 
terized in that the nanofiltration is carried out at a pH of 1 to 7, preferably 

20 3 to 6.5, most preferably 5 to 6.5. 

54. A process as claimed in any one of claims 50 to 53, c h a r a c - 
terized in that nanofiltration is carried put at a temperature of 5 to 95 °C, 
preferably 30 to 60 °C. 

55. A process as claimed in any one of claims 50 to 54, c h a r a c - 
25 terized in that the starting solution is a spent liquor obtained from a pulp- 
ing process. 

56. A process as claimed jn claim 55 .characterized in that 
the spent liquor obtained from a pulping process is a spent sulphite pulping 
liquor. 

30 57. A process as claimed in any one of claims 50 to 56, c h a r a c - 

terized in that the process comprises a further step of recovering a solu- 
tion enriched in lignosulphonates, hexose sugars, oligosacharides and diva- 
lent salts as the retentate. 
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58. A process as claimed in any one of claims 1 to 10, 16 to 18 
and 21 to 49 for separating betaine from a biomass extract, characte- 
rized by subjecting said biomass extract to nanofiltration and recovering a 
fraction enriched in betaine. 
5 59. A process as claimed in claim 58, characterized in that 

the fraction enriched in betaine is recovered as the nanofiltration permeate. 

60. A process as claimed in claim 58, c h a r a c t e r i z e d in that 
the fraction enriched in betaine is recovered as the nanofiltration retentate. 

61 . A process as claimed in any one of claims 58 to 60, c h a r a c - 
10 t e r i z e d in that the biomass extract is sugar beet pulp extract. 

62. A process as claimed in any one of claims 1 to 10, 18, 19 and 
21 to 49 for separating one or more amino acids from betaine, characte- 
rize d by 

providing a starting solution comprising betaine and one or more 

15 amino acids, 

subjecting said solution to nanofiltration to obtain a fraction en- 
riched in betaine and a fraction enriched in one or more amino acids, 
recovering the fraction enriched in betaine, and 
recovering the fraction enriched in one or more amino acids. 
20 63. A process as claimed in any one of claims 1 to 10, 18, 19 and 

21 to 49 for separating one or more amino acids from a biomass hydroiysate 
or a biomass extract, characterized by subjecting said biomass hydro- 
iysate or biomass extract to nanofiltration and recovering a fraction enriched 
in one or more amino acids. 
25 64. A process as claimed in claim 62 or 63, c h a r a c t e r i z e d 

in that said one or more amino acids are selected from leucine, isoleucine, 
serine, proline and valine. 

65. A process as claimed in any one of claims 1 to. 10, 18, 19 and 
21 to 49 for separating carboxylic acids from one or more monosaccharides, 
30 characterized by providing a starting solution comprising carboxylic 
acids and one or more monosaccharides, 

subjecting said solution to nanofiltration to obtain a fraction en- 
riched in carboxylic acids and a fraction enriched in one or more monosaccha- 
rides, 

35 recovering the fraction enriched in one or more monosaccharides, 

and 

optionally recovering the fraction enriched in carboxylic acids. 
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66. A process as claimed in claim 65, characterized in that 
said one or more monosaccharides are selected from ketose sugars. 

67. A process as claimed in claim 66, characterized in that 
said ketose sugars are selected from tagatose. 
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